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Ni is one of the most potent allergens and an ubiquitous contact allergen among children and adolescents. 4 The most frequent adverse reactions caused are hypersensitivity, subtoxic reactions, metal toxicity, and allergic contact dermatitis. Recent studies have proven the carcinogenic effects of Ni through exposure pathways such as inhalation, ingestion, and parenteral injection of Ni compounds. 5, 6 Dental crowns may contain a broad variety of metals, including nickel (Ni), palladium (Pd), gold (Au), silver (Ag), cobalt (Co), and chromium (Cr). Corrosion of these dental alloys is a continuous process resulting in constant ion release, which could lower the patient's threshold for elicitation via the skin. Sensitization to Pd has also been reported. 7 In instances of metal allergies, a patch test before treatment initiation is necessary to detect possible sensitivity to base metals. In such instances, high noble metals or titanium can be a viable alternative for the construction of prosthetic restorations to minimize allergic reactions. 8, 9 The use of commercially pure Ti (cp Ti) and Ti alloys for the production of cast RDP frameworks for allergic patients is justified, since Ti presents good mechanical properties, is lightweight (low density), and has excellent biocompatibility. [10] [11] [12] [13] [14] [15] [16] The laboratory drawbacks are the lengthy burn-out procedure, inferior castability and machinability when compared to base metals, difficulty of polishing, and cost. [10] [11] [12] [13] [14] [15] [16] Clinical drawbacks such as discoloration, 17, 18 unpleasant metal taste, 19 increased plaque adhesion, 20, 21 and detachment of the denture base resin remain. [22] [23] [24] The cost of high noble metals in combination with the described problems with Ti have rendered these restorations rare.
The use of perforated metal plates, when used for complete dentures, has been proven to strengthen the prostheses and reduce fracture rates. 25 Following the above concept, for a patient allergic to base metals and in need of an overdenture, high noble metal copings using retentive elements in combination with a PEEK overdenture framework could be used as a treatment alternative to strengthen the prosthesis, since the presence of overdenture abutments protruding into the acrylic resin provide points of concentration, increasing the potential for breakage. 26 High noble alloys with high Pd content have proven to be biocompatible when used for allergic patients; however, a patch test is preferred to exclude hypersensitivity. 27 Polyetherether- ketone (PEEK) is a biocompatible thermoplastic material that has been used in dentistry for several years. A modified PEEK material containing 20% ceramic fillers (BioHPP; bredent GmbH & Co. KG, Senden, Germany) has been used for dental applications such as fixed dental prostheses (FDPs), implant and RDP frameworks, [28] [29] [30] as well as healing abutments. CAD/CAM or conventional casting procedures are available for the fabrication of PEEK frameworks. This material presents good mechanical and polishing properties, low plaque affinity, and elasticity between cancellous and rigid bone. [32] [33] [34] Another advantage of this modified PEEK material is the high bond strength with PMMA or indirect composite materials. [35] [36] [37] A PMMA and composite primer (visio.link; Bredent GmbH & Co. KG) has been proven to satisfy this condition. 38, 39 Concerning fatigue resistance, in vitro studies regarding a three-unit fixed partial denture (FPD) provide breaking values greater that 1200 N under fatigue stress (1.2 million cycles), but there is no scientific evidence of how an overdenture framework would behave under the same fatigue stress. 40, 41 Even though this material has been clinically used for RDP framework fabrication, 30 there are no fatigue resistance experimental studies regarding the performance of these frameworks under load.
This clinical report describes the construction of a PEEK overdenture over high noble metal copings bearing ball attachments, for a patient allergic to base metals.
Clinical report
An 85-year-old woman presented for a full-mouth restoration with a complete edentulous maxilla, and two canines on the mandible. Another dentist who had performed multiple hopeless tooth extractions referred her. The patient's chief complaint was the inability to chew effectively and the imperative need for a stable mandibular prosthesis. The two remaining mandibular canines revealed good periodontal condition with adequate osseous support. Mandibular alveolar ridge exhibited moderate to severe resorption without the presence of retentive undercuts. The patient exhibited skin sensitivity to stainless steel jewelry and reported that she had been positive to a patch test with Ni and Cr in the past.
A complete maxillary denture against a PEEK mandibular overdenture retained by two ball attachments made of high noble alloy was proposed as a treatment solution. A patch test for Pd was performed prior to treatment initialization to exclude allergic reactions.
Endodontic treatment of the remaining mandibular canines was followed by periodontal treatment, which included root scaling and planning. Clinical crowns were reduced almost level with the gingival tissues leading to a dome-shaped abutment prepared with a chamfer finish line extending 1.5 mm into the sulcus. Retraction cord (Ultrapak; Ultradent Products Inc., South Jordan, UT) was placed around the canine abutments following the double cord packing technique (Fig 1) .
A poly(vinyl siloxane) impression material (Bonasil; DMP Dental Ltd. Markopoulo Industrial Zone, Greece) was used for the definitive impression of the post space and the finish line of the abutment teeth (Fig 2) . The definitive cast was poured with Type IV dental stone (Prima-rock; Whip Mix Corp, Louisville, KY). On this cast, a post and a metal coping bearing a ball attachment (Vario-Kugel-Snap; bredent GmbH & Co. KG) were waxed in one piece. The use of a paralleling device ensured parallelism of the ball attachments and uniform path of insertion for the overlay denture (Fig 3) . The post and the metal copings bearing the ball attachments were cast in one piece using high noble alloy containing 51.5% Au and 38.5% Pd (Mentor SF; Element Dental, Bryan, TX), and the fit was verified intraorally. The post/coping/ball attachment assemblies were permanently cemented using a resin-reinforced glass ionomer cement (Fuji Plus; CG America Inc.; Alsip, IL) according to the manufacturer's recommendations (Fig 4) .
The definitive overlay prosthesis impression was performed using a custom tray (Fastray LC; Harry J. Bosworth Co., Skokie, IL) and a polysulfide material (Permlastic; Kerr Corp., Orange, CA). This impression was used as a pick-up impression to transfer the ball attachments to the definitive overlay denture cast (Fig 5) . On this cast the overlay denture framework was waxed and cast in one piece from modified PEEK with the conventional lost wax technique using a special investment and vacuum press device (2 press; bredent GmbH & Co. KG) designed for this material.
The PEEK framework was then air-abraded with aluminum oxide (110 µm) at a pressure of 2.5 to 3.5 bar and coated with a composite resin primer (visio.link). A pink shade indirect light-polymerized nano-filled composite resin (crea.lign; bredent GmbH & Co. KG) was used for framework painting to prevent the intense white PEEK shade from showing through the acrylic base heat-polymerized material (Fig 6) . Conventional acrylic denture teeth (Bioblend Trubyte; Dentsply Sirona, York, PA) were used, and the heat-polymerized acrylic resin (Trevalon; Dentsply Sirona) was processed according to the manufacturer's instructions. Ball attachments were activated intraorally by using autopolymerizing denture base acrylic resin (Flexacryl hard; Lang Dental Manufacturing Co., Inc., Wheeling, IL) (Fig 7) . A clinical remount followed by occlusal adjustments was performed to accommodate processing discrepancies. The overlay RDP was delivered and sore spots were relieved on the 48-hour recall appointment (Fig 8) .
Discussion
The incorporation of a metal framework is a common technique to strengthen an overlay prosthesis, especially in instances of limited vertical space when the reduced denture base acrylic thickness renders the prosthesis prone to fractures. 26 It has been proven that the incorporation of a grid strengthener increases the flexural strength and modulus of the denture base, resulting in reduced fracture rates. 25 Therefore, the use of a PEEK overlay denture framework over high noble ball attachments was advocated to strengthen the mandibular prosthesis for a patient allergic to base metals.
The treatment of choice in these clinical situations would be the use of biocompatible framework materials such as high noble alloys or Ti. These treatment solutions are available to the elderly, but are considered expensive with sensitive laboratory procedures.
An economic alternative to the high gold alloys (yellow color) or Ti is a high noble alloy containing Pd (white color) for the construction of the retentive parts of the overdenture (ball attachments). The chosen alloy for the fabrication of the post/coping/attachment assembly was Mentor SF (Au 51.5%, Pd 38.5%, In 8.5%, Ga 1.5%, Ra 0.1%). Since Pd content of this dental alloy was high (38.5%), a Pd patch test was considered necessary to exclude metal sensitivity during the diagnostic phase of treatment.
A different treatment approach (without the need of a patch test) would be the use of PEEK for the fabrication of the post/coping/attachment assembly. There is no clinical evidence to support such a treatment solution, since nothing similar to this has been reported in dental literature; however, one could assume that the use of a PEEK post would be more beneficial to the root, resulting in fewer fractures, since PEEK presents elasticity comparable to dentin (4 GPa vs 18 GPa), while metal posts exceed that value (100-200 GPa).
The use of a PEEK coping could also be beneficial since it could be polished as well as metal and presents low plaque affinity. 32, 33 Also, the use of PEEK ball attachment could be beneficial to retention longevity, since wear of the matrix Teflon attachment over time could be minimized, since PEEK is a softer material than metal. The above treatment solution was not advocated because of the lack of clinical evidence. A milled titanium framework is usually used for these selected metal sensitivity cases to overcome Ti casting difficulties. Although the CAD/CAM fabrication technique has been available for both PEEK and Ti, PEEK frameworks can be fabricated with the injection molding technique, rendering PEEK material more common to dental laboratories. The use of PEEK overdenture framework versus Ti presents advantages such as reduced cost and easier laboratory procedures.
Both PEEK and Ti are considered biocompatible materials. Although there are only two allergic reaction reports with Ti alloys, 15, 16 there are no hypersensitivity reports with PEEK. Polishing of PEEK as suggested by the manufacturer results in very low plaque affinity. Clinical trials using PEEK and Ti abutments proved that PEEK is as friendly as Ti to the tissue. 31 "Bad metal taste" or "tangy taste" has been reported with Ti alloy RDP frameworks. 18 Even cp Ti presented with unpleasant taste when compared with Co-Cr, Au, and Ag-Pd-Au alloys. 19 PEEK lacks the unpleasant metal taste of Ti, since it is insoluble in water and does not react with other metals. Discoloration of exposed Ti framework is a frequent observation, whereas discoloration of PEEK frameworks has never been reported. In addition, PEEK's high-gloss surface becomes dull with time. A repolishing procedure is required to gain the initial high gloss property. 29 Fatigue resistance of Ti overdenture has been documented as excellent compared to other metal alloys, 10 whereas there are no reported results on fatigue resistance for PEEK overlay denture frameworks. Positive results on fatigue resistance for a three-unit PEEK FPD could possibly extend to the use of PEEK as a framework material for overlay dentures.
The bond between Ti frameworks and heat-polymerized acrylic base materials is one of the clinical drawbacks of using Ti. [22] [23] [24] Furthermore, no denture base acrylic detachment has been clinically reported from PEEK frameworks, mainly due to the framework surface treatment with air particle abrasion and the use of a bonding agent (visio.lign) that enhances the mechanical bond between frameworks and heat-polymerized acrylic resins. [35] [36] [37] [38] [39] The PEEK framework design is the same with the conventional metal frameworks and allows for the easy replacement of the Teflon retentive elements if done according to the conventional overdenture protocol. Also, the PEEK framework can be easily adjusted with a laboratory carbide bur if it ever contacts the tissue. Likewise, reline procedures are the same as with conventional dentures and must follow the overdenture reline protocols. Additionally, PEEK is more lightweight that Ti (lower specific weight) resulting in enhanced comfort during function.
Conclusion
The use of PEEK overdenture frameworks in combination with high noble retentive parts could be a viable alternative to Ti for patients allergic to base metals. Fracture resistance (flexural strength and modulus) experimental studies are required to support the clinical data as to whether the incorporation of a PEEK framework strengthens the overlay prosthesis.
